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The role of social capital in the production of health has developed over recent years into a major academic concern, and is now beginning to feed through into policy discussions concerning the determinants of population health. Social capital has, of course, had greater resonance in fields such as development economics than it has so far had in health, but the confluence of these two threads is now marked. This is made clear by the work of the leading popularizer of social capital-Robert Putnam-who in his seminal 1993 book Making Democracy Work 1 explicitly states that health should not be considered an outcome of social capital, saying that:
we must be careful not to give governments credit (or blame) for matters beyond their control. In the language of policy analysis, we want to measure 'outputs' rather than 'outcomes'-health care rather than mortality rates … Health depends on factors like diet and lifestyle that are beyond the control of any democratic government. 1 Only 7 years later he had dramatically reversed his opinion and decided that:
Of all the domains in which I have traced the consequences of social capital, in none is the importance of social connectedness so well established as in the case of health and well-being'. 2 The explosion of interest in social capital has not, as yet, led to greater clarity in the conceptualization of exactly what the term social capital refers to and how the supposed connections with health are generated and maintained. 3, 4 We therefore welcome Simon Szreter and Michael Woolcock's 5 clear and persuasive formulation and think that it will-rightly-become a touchstone for ongoing debates regarding social capital in the health field.
Other commentators in this issue of the International Journal of Epidemiology [6] [7] [8] [9] [10] have raised a variety of important points and we will not duplicate these here. Instead we would like to elaborate some specific aspects of the epidemiological interpretation of the historical evidence. This leads to more general considerations of how to interpret social influences on population health. In the central section of their article Szreter and Woolcock discuss mortality crises in 19th century Britain and date improvements in mortality to the 1870s and 1880s, as Simon Szreter has done previously. 11 They develop one specific case, that of Birmingham and the role of Joseph Chamberlain in preaching the 'civic gospel' of gas and water socialism over this period. In particular they consider that Chamberlain's activities were central to the development of linking and bridging social capital which protected civil society in Birmingham from the usual nepotism and corruption that sank other British cities in the central decades of the 19th century. Without Chamberlain's activities the rapid urbanization that translated itself into Simon Szreter's four Ds-disruption, deprivation disease and death 12 -would have continued to bear its consequences.
We will argue that consideration of age-specific mortality trends during the second half of 19th century shows that the social capital mechanism suggested by Szreter and Woolcock as being crucial, is an incomplete explanation. We will also address the same specific historical case raised by Szreter and Woolcock and illustrate the negative externalities-in this case international-that can result from the deployment of particular forms of social capital. Our main point is to highlight the need to consider specific, biologically plausible and wellsupported aetiological mechanisms when attempting to map aspects of the social environment onto health outcomes. 13 Mortality declines in 19th and early 20th century Britain: when did they occur?
In their account of the 19th century British mortality decline and the contribution of social capital to this, Szreter and Woolcock take little account of one of the most striking aspects of this decline-the clear cohort patterns 14, 15 (Figures 1 and 2 ). In the first half of the 19th century there was no obvious trend in mortality, with increases in some larger conurbations and decreases in some rural areas. However, from the mid-19th century onward, a robust pattern emerged, with initial falls in mortality in children aged 1-15, and subsequent declines in cohort-specific fashion for later age bands, such that the same cohort-born around 1845-demonstrated lower mortality than the preceeding cohort at each attained age. Thus mortality at older ages only started to decline when the cohorts experiencing the initial mortality declines had entered these older age bands. This pattern was recognized by actuaries, 16, 17 medical scientists 14, 18 and government demographers, 19 and as with any striking and unambiguous regularity is being periodically rediscovered 20 (Box 1).
The cohort approach was widely used for mortality projections, as the dotted lines in Figures 1 and 2 , from a report by the actuary Derrick, illustrates. 16 In an influential paper Kermack and his colleagues concluded that the mortality data behaved as if: 'the expectation of life was determined by the conditions which existed during the child's early years', and that: the health of the child is determined by the environmental conditions existing during the years 0-15, and … the health of the man is determined preponderantly by the physical constitution which the child has built up. 14 Interestingly Kermack et al. noted that infant mortality (under 1 year of age) showed an anomalous pattern, starting to fall only after mortality at later ages had done so. They suggested that infant mortality was dependent upon the health of the mother, and thus improvement in infant mortality followed the generational improvement in the vitality of women of childbearing age. Thus post-natal influences seemed to underlie the cohort pattern such that infancy and childhood were the important periods. This conclusion has been supported by a recent re-analysis of the same data. 21 Further evidence that changing environmental factors may have influenced child health and development, but not that of infants, comes from analyses of infant and child (1-4 year old) mortality by socioeconomic group in Ipswich in the 1870s which shows a large social gradient in child mortality, but not in infant mortality. 22 The cohort-specific nature of the mortality declines clearly date the underlying factors to the mid-19th century, rather than to the 1870s and 1880s identified by Szreter and Woolcock. In regard to explaining these mortality declines, the data suggest that factors influencing health, growth and nutrition of infants and children should be the ones considered to be critical. However, the different development of mortality patterns in urban and rural areas 23 has been taken to provide evidence against such an interpretation (Simon Szreter, personal communication). Over 60 years ago Kermack and colleagues dealt with this point, through analysing the cohort effects in the town and country districts in Scotland.
They concluded that such analyses provided strong evidence that 'the general level of environment during childhood, the period during which the general constitution of the individual is being built up was key'. 24 Their analysis suggested that the persisting higher rates of mortality in urban areas reflected environmental conditions many decades before, not the then current environmental conditions which by the early 1920s were roughly comparable between town and country.
What were the causes of the mortality decline?
Is it plausible that the improved mortality experience of people born after the middle of the 19th century was dependent on conditions experienced early in their lives? The first step is to consider which particular causes of death contributed to the overall adult mortality improvements. The second is to examine the evidence that there are early-life influences on these causes of death.
Respiratory tuberculosis
Despite obvious limitations in the reliability of 19th century and early 20th century cause of death data it is clear that a major contributor to the declines in adult mortality over this period was respiratory tuberculosis (TB). 25 It has long been known that TB in adulthood often reflects reactivation of infection acquired in earlier life, and therefore improvements in early life circumstances should be reflected in reductions in TB mortality at a later age. Birth cohort influences on respiratory TB mortality were recognized by John Brownlee in 1916, 26 until the advent of effective chemotherapy, successive cohorts moved through life as though they had different probabilities of dying by tuberculosis assigned at birth. 30 
Haemorrhagic stroke
In the 19th century a large majority of strokes would have been haemorrhagic, 31 and these constituted around 10% of deaths of those aged over 45 in the mid 19th century. 25 Haemorrhagic stroke is importantly determined by early-life factors 32, 33 and trends in haemorrhagic stroke show birth cohort effects. 34 
Bronchitis
Bronchitis, which constituted another 10% of deaths of those aged over 45 in the mid 19th century, also contributed substantially to the mortality decline 25 and bronchitis is again a disease for which there is good evidence of early-life influences, [35] [36] [37] particularly in contexts where smoking is rare (as was the case in the 19th century) but poor environmental conditions in childhood are common.
Contribution of these causes to the mortality decline
These three causes-respiratory TB, haemorrhagic stroke and bronchitis-accounted for about two-thirds of the total decline HEALTH BY ASSOCIATION? 693
Box 1
Long live the Queen's subjects
In Britain people who reach 100 years of age receive a congratulatory telegram from the ruling monarch. In 1997 the nobel prize winning chemist, Max Perutz, reported that the number of people who received a telegram from the current King or Queen in Britain showed a dramatic increase after 1945. 20 Overall, the chance of living to 100 increased 12-fold from 1 in 3800 for those born in 1852 to 1 in 310 for those born in 1896. Perutz thought that something must have happened around 1845 that generated this pattern. 82 He was unaware of the work in the 1920s and 1930s on this issue (MF Perutz, personal communication 1998) and considered that the increase in real wages in Britain that occurred from around the middle of the 19th century on was the important factor. in mortality for men and women aged 15-64 from the middle of the 19th century to the first decade of the 20th century. 25 The case would only be strengthened by inclusion of other important causes of death, such as stomach cancer and rheumatic heart disease, but reliable data for these specific causes are not available. Stomach cancer and rheumatic heart disease have demonstrable infectious influences from infancy and childhood. The proportion, already large, of the total adult mortality decline accounted for by conditions with early-life influences would be even greater if these could be added. What is clear is that diseases that have important early-life origins contributed in a very substantial way to the declining adult mortality rates across the second half of the 19th century and the first three decades of the 20th century. This is consistent with sequential improvements in childhood conditions for successive cohorts born after the middle of the 19th century. Another source of supporting data comes from attempts to reconstruct the history of height across generations. Floud and colleagues 38 suggest that height may have declined among men born during the first half of the 19th century, but showed increases in subsequent cohorts born after the mid-century. Height reflects nutrition and disease environment acting in infancy and childhood, and the height data show a remarkable temporal consistency with the mortality data, with birth cohorts born after 1850 achieving increasingly greater stature and experiencing ever lower mortality.
What changed after 1850?
A search for factors that determined the mortality decline in the second half of the 19th century should, therefore, focus on influences on the health and growth of infants and children that changed around the middle of the century. The processes developing through the 1870s and 1880s, discussed by Szreter and Woolcock as examples of improving social capital, occurred too late to initiate the mortality declines. We need to consider factors that could plausibly be connected to the causes of death contributing to declines in adult mortality, through influences acting during infancy and childhood, and for which a change occurred around 1850. The following meet these criteria to a greater or lesser extent. They are clearly not independent factors-as one will in some cases influence another-but for ease of discussion we have grouped them into separate categories.
Child labour
In the 1820s and 1830s around 10% of 5-9 year olds and threequarters of 10-14 year olds were in the labour force. 39 In the 1830s and 1840s, children made up one to two-thirds of textile mill workers and a third of the workforce in mines. 39, 40 The proportion of children in work declined from the middle of the 19th century, 39, 40 while those who entered the workforce did so at older ages. As Jane Humphries concludes, only the cohorts born after 1850 were able to delay their entry into work. 40 Robust evidence on the health effects of child labour in the mid 19th century is very limited, although an influence on height amongst coal mining children has been discussed. 41, 42 Current evidence from developing countries, whilst still limited, suggests children often work in hazardous conditions that are detrimental to their health 43 and growth. 44 Long-term consequences on health in later adulthood have also been reported. 45 Despite this paucity of direct evidence, the notion that child labour has long-term health consequences seems plausible, given the descriptions of the terrible conditions under which children laboured 46 and our understanding of the aetiological importance of those conditions in contributing to the causes of death related to mortality declines. Overcrowded conditions would contribute to infectious disease transmission, both of TB (with childhood and early adolescence being a key period for initial infection) and of respiratory tract infectious that could influence long-term lung function. Particulate and other matter in air could also have detrimental effects on the long-term respiratory health of children. 36 Evidence from developing countries suggests that particulates from solid-burning fuels are not only detrimental to current but also future lung function. 47, 48 Child labour, through contributing to shorter final stature (which is in turn related to suboptimal development of lung function) is, at the very least, an indicator of childhood exposures that influence risk of later conditions, such as bronchitis and haemorrhagic stroke.
Real wages
'The standard of living debate' has exercised economic historians for generations. 49 In essence this asks whether standards of living improved steadily during the industrial revolution in Britain. Various attempts to compute estimates of real wages and consumption were taken to suggest that general improvements were seen across the whole of the period referred to as the industrial revolution. Over the past decade, however, a general consensus has emerged that improvements were only meaningful over the last decades of the 18th century and then from the middle of the 19th century onwards. 50 Figure 3 summarizes this, displaying an index of real wages based on estimates by Charles Feinstein. 51 An illustration of such improvements from the mid 19th century also comes from data on consumption of luxury items such as tea and sugar, which show a dramatic increase from around 1850 52 ( Figure 4) . Clearly, increased real wages and spending power do not automatically translate into better health outcomes. 53, 54 However, expenditure on housing quality, clothing and food, together with a reduced reliance on paid labour by mothers and children-and thus reductions of proportions of mothers and children in the labour market-could plausibly translate into better conditions and health outcomes amongst children, with consequent long-term effects on adult mortality. It is also possible that such increased real wages, allowing more time to be spent on child care and domestic hygiene, led to improvements in these domains from the mid-19th century onwards. 55 
Nutrition and height
The 'British Food Puzzle' 56 -that despite apparent real increases in standard of living over the first half of the 19th century there was no evident improvement in nutrition-has ceased to be such a problem with the more recent estimates of real wages. Data on height, mentioned previously, demonstrate strikingly congruent cohort effects to mortality, with improvements occurring from the same birth cohort onward for both height and death rates. 21, 38 Height is influenced by nutrition, health (including infectious disease burden, in particular diarrhoeal disease) and also, perhaps, by drains on energy resources due to the physical demands of child labour. Height in turn is related to the causes of adulthood deaths that appear to have declined in cohort-specific fashion to generate the improvements in adult mortality across the end of the 19th and beginning of the 20th centuries. 33,57,58
Working mothers
As with child labour the proportion of women and mothers with young children in work appears to have declined from the middle of the 19th century. The degree to which this is a progressive or retrogressive move has been intensely debated, but the evidence suggests that on average childhood mortality was higher if the mother was in work. Thus decreasing female employment could have translated into improved childhood health, with long-term consequences for adulthood health. Again the timing fits in well with the cohort-specific declines in mortality seen across the second half of the 19th and early 20th century. As discussed above, the proportional decrease of women in full-time employment could also allow more time to be spent on child care and domestic hygiene. 55 
Family size
After many decades of increase, a decline in fertility began in the 1830s and although it is very difficult to estimate precise timing, this is likely to have translated into smaller completed family size from around the middle of the 19th century. Smaller completed family size-which also is related to greater birth spacing-leads to less overcrowding, reduced infection risk from airborne and contact transmission, and improvement in the long-term consequences of these. Measles is a highly contagious infection and the results of a study of crowding and child mortality in 19th century Stockholm are informative. Burstrom and colleagues showed that cumulative incidence of measles mortality rose sharply after 12 months of age 59 and that less crowding had a specific effect on lower mortality from measles, even after control for socio-economic and other confounding factors. 60 Avoiding measles may also have been associated with improved survival at later ages. Evidence from measles vaccine trials suggests that avoiding measles is associated with far greater mortality gains in the population than can be plausibly explained by measles infection per se. 61 While data do not exist for an earlier period, for men born in the first decades of the 20th century those coming from larger families experienced an increased risk, seven decades later, of haemorrhagic stroke and stomach cancer, 32 two of the conditions that are likely to have contributed to the mid-19th century onward decline in adult mortality. Family size in contemporary developing countries is associated with childhood diarrhoea 62 and respiratory infections. Childhood diarrhoea is related to growth, and respiratory infections may influence long-term respiratory function and thus bronchitis mortality.
Housing
Housing conditions are clearly related to health outcomes, 63 and in the 19th century contemporary commentators repeatedly referred to appalling housing as a potential cause of poor health, especially in urban environments. Much evidence points to the mid-19th century as a turning point in this regard, with the average number of people per house, which showed little change from 1801 to 1851, declining after then. 64 Burnett concludes that housing conditions in England were at their worst during the 1830s and 1840s, and improved subsequently. 64 This poor situation was clearly recognized at the time and specific housing legislation was introduced in the mid 1840s. Strong statistical relationships between housing density and mortality were demonstrated at the beginning of the 20th century, 65 and these are likely to have been stronger during earlier periods, when there were even worse overall housing conditions. Indeed a recent analysis by Millward and Bell concludes that improved housing conditions were central to mortality declines in the later part of the 19th century. 66 Clearly housing conditions could influence morbidity and growth in childhood and these would, in turn, have long-term consequences for adult mortality.
Our discussion here of social processes that demonstrated changes from around the mid-century is illustrative and could be extended to other domains-in particular some aspects of sanitary reform and education. The dating would be similar to that for the factors we have discussed above, when examined across the whole of Britain. The post-1850 changes in many of the above factors must be considered in relation to legislative and other social reforms, as well as to broader economic trends and changes in technology that reduced the need for children to work in textile mills and mines. For example, despite clear evidence of slow implementation, the various factory and mines acts-of 1833, 1842, and 1847-limited the extent of child labour and increased the age of starting work, as well as mandating that time be reserved for education of children (although this proved to be largely ineffective in practice).
Hopkins concludes that enforcement of these acts was key and that this became increasingly effective from 1850 onwards, 67 precisely the time that child labour patterns improved and from which cohort improvements in mortality were seen. Many of the other factors-for example improvement in housing and in wages-reflected a mix of legislative and non-legislative social causes.
What lead to such changes is a contested issue, but even in a defence of the notion of Victorian equipoise, Harling concludes that the period up to 1848: was marked by vigorous and at times dangerous political contestation, much more vigorous and dangerous than anything that followed it in the mid-Victorian decades. 68 Chartism, the beginnings of a trade union movement and more direct-and violent-evidence of working class protest marked these decades. 68 The degree to which these were met by repression or by amelioration of social conditions through reforms, such as the factory acts, is a matter of long-standing debate. 69 But clearly some amelioration existed, as was obvious to commentators at the time. In Love and Barton's 1842 Handbook of Manchester sanitary reform was seen as, at least in part, being a way of quelling the revolutionary activities and propensity to riot of the working class, 70 and some decades later the soon-tobe Conservative Prime Minister AJ Balfour declared that social legislation was the 'most effective antidote' to socialism. 71 Within the public health arena, Chadwick's mid 19th century reforms have, in part, been viewed as the amelioration of proletarian living conditions to the extent necessary for the maintenance of social stability. 72, 73 Simon Szreter, in his seminal critique of Thomas McKeown's theories of mortality decline, stated that 'as so often in matters of causation, precise chronology [is] extremely important.' 11 We agree, and think that age and cause of death patterns are also key. In terms of the current exchange on social capital, such an approach leads to different conclusions to those drawn by Szreter and Woolcock. They consider that experiments with state-lead activity in the mid-19th century failed, since health improvements did not occur till later. We point out that this appears not to be the case. The mid-19th century is precisely the time period that needs to be considered in this regard. Instead of focusing on this period Szreter and Woolcock develop the case of Joseph Chamberlain, mayor of Birmingham in 1873-1875 and his networking through non-conformist congregations ('it took a religiously-infused moral movement to motivate the mobilisation of the collective will'), professionals, businessmen, and his middle-class social connections. The working class are here bystanders, awaiting improvements to be brought to them. The empirical problem with this argument is that Chamberlain's activities were too late to have instigated or driven the 19th century adult mortality declines. In line with other critiques of social capital 74 we consider that this approach fails to recognise the primacy of the political (in its broadest sense)-a primacy that becomes clearer once the activities leading to the ameliorating reforms, that in turn led to the beginnings of the cohort-specific mortality declines, are considered. 7, 75 The downside of social capital
It is now well-accepted that there are potential 'down' as well as 'up' sides to greater social capital. Building bonding, bridging and even linking ties within one community or country to the exclusion of others may not generate the desired results for either the included or excluded. After his career in public life in Birmingham, Joseph Chamberlain became the Tory Colonial Secretary in charge of Britain's far-flung empire. Chamberlain stated that:
I have felt for some time that this is a critical period in the history of the Empire. What we do now and what our colonies do will probably in the course of the earlier years of this century settle for all time the question whether a new Empire, such as has never entered into the conception of man beforean Empire bound together by invisible ties and yet of extraordinary strength-whether such an Empire shall be consolidated and maintained or whether we are to drop apart into several atoms, each caring only for our local and parochial interests … The old idea of dominion was an authority to be used by the central State for its own advantages. The new conception of Empire is of a voluntary organisation based on community of interests and community of sacrifices, to which all should bring their contribution to the common good. 76 The 'invisible ties' of 'extraordinary strength', the 'voluntary organisation' based on 'community of interests and community of sacrifices' coming together to contribute to 'the common good' sounds like many of the descriptions of social capital in the current literature. An alternative reading of the history of the British Empire might suggest that some members of this community-i.e. the exploited colonies, created and protected by military might-contributed more, but gained less, than others. In similar vein, Robert Putnam has commented on the increased social capital in America after the disaster of 9/11 and the continuing so-called war against terrorism. 77 But surely this increase in social capital in one country-the USA-has not been beneficial to the health of infants and children in Afghanistan and Iraq. 4 There is, unfortunately, no automatic link between changes thought to enhance the health of one population and either global public health outcomes or a socially progressive agenda. In the case of 19th century Britain, the decrease in the proportion of women in work from the mid-century-which, we suggest, may have contributed to improved long-term health of their offspring-could also be viewed as a key moment in the stabilization of patriarchal social relations. An understandable desire to link socially progressive activities to health improvements could underlie the translation of essentially metaphorical notions of balance, harmony, and lack of psychosocial stress into favourable health outcomes, through postulated mechanisms for which there is little empirical support. 78, 79 This tendency is reflected in Szreter and Woolcock's paper, with frequent allusions to such processes, which is understandable since reification of metaphor is central to many of the claims of psychosocial epidemiologists working with the social capital concept. However, in the same way as Robert Putnam's claim that joining a club has the same effect on health as stopping smoking 2 is both misleading and dangerous, it would be wrong to suggest that such links are anything like as well established as they are for the well-documented directly material factors that influence health.
Conclusions
We have shown that mortality in Britain began to decline in cohorts born around 1850. The most important contributions to these mortality declines were from reductions in deaths due to TB, haemorrhagic stroke and bronchitis-all causes of death sensitive to early life conditions. To better understand trends in population health, two issues are key-timing and specificity. In this case, in regard to timing we need to focus on changes in social conditions around 1850 that could be linked to mortality declines. In relation to specificity we need to examine changes in those aspects of social conditions most likely to cause changes in factors causally related to TB, haemorrhagic stroke and bronchitis. We consider that reductions in the amount and age of entry into child labour, improvements in real wages, nutrition, housing and education, together with reduced family size, housing density and overcrowding, are all plausibly linked to the reductions in mortality.
We do not dispute that the enhancements to social capital in the 1870s, persuasively described by Szreter and Woolcock, were important inputs that added to the momentum for better living and working conditions. But what triggered off the perceived need, among Chamberlain's peer group, for such improvements? Absent from Szreter and Woolcock's argument is much of a role for the activities of the large majority of the population themselves-either in defensive action (the friendly societies) or, particularly, in attempts to apply more or less radical pressure for social change.
We think that particular situations require specific explanations, and neither our focus on working-class political activity or on early-life influences on adult mortality patterns will necessarily apply at other times or in other contexts when understanding mortality transformations. In Britain, indeed, a blurring of the cohort effects on mortality declines is evident after the 1930s (compare Figs 5 and 6 with Figs 1 and 2) , due to the changing cause of death structure, from adult mortality trends being dominated by changes in death rates from causes such as TB and haemorrhagic stroke, to a pattern in which coronary heart disease and cancers were dominant. Overall, adult mortality trends thus became more influenced by causes of death that have smaller contributions from early life conditions. 18 With the obvious truth of a pattern of combined and uneven development across newly industrializing countries the epidemiological patterns seen in such contexts may be very different from those seen in 19th and early 20th century Britain, and the contribution of early life circumstances could be much less.
Kawachi and colleagues are probably right that '… for better or for worse (in terms of population health outcomes), social capital is here to stay.' 8 We will continue to see social epidemiological research deploying the concept of social capital despite Szreter and Woolcock correctly pointing out that social capital is likely to remain as one of the 'essentially contested concepts' like gender, race and class, which are: simply too politically and ideologically important for those at any point on the political spectrum to concede to a definition of the term that they do not see as squaring with their own beliefs, assumptions, and principles. 5 And yet theoretical development is needed for social capital's scientific deployment in understanding the determinants of population health. Theoretical and definitional development of concepts in social epidemiology are important to better understanding why and how class, race and gender are linked to health. 80 http://ije.oxfordjournals.org/ development and greater definitional clarity it is hard to understand how the concept of social capital and its different manifestations across time and place could be linked to the specific risk factors for particular population health outcomes and how these change over time.
Ironically, this very lack of definitional clarity may be of great value to the longevity of the concept of social capital. Where political, bureaucratic, business and sometimes even scientific communication is increasingly dominated by language and concepts intended to obfuscate, 81 where clarity of meaning is the last thing communication is intended to convey, and where public discourse is 'sexed up' and 'dumbed down', social capital may just be the perfect term for our time.
